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OFFICE
OFWATER

MEMORANDUMAnnual
PermitLimits for Nitrogen and Phosphorus forPermitsDesigned

to Protect ChesapeakeBay and

it
s tidal tributariesfromExcess

Nutrient Loading under the National PollutantDischargeEliminationSystem /

FROM: James A
.

Hanlon,
DirectorOffice

o
f

WastewaterTO:
Jon Capacasa,
DirectorWaterPermitsDivision, EP

A3Rebecca
Hanmer,

DirectorChesapeakeBayProgram

OfficeThis
memo responds to your proposal to use National PollutantDischargeEliminationSystem(NPDES) permit effluent limits for nitrogen andphosphorusexpressed

a
s an annual limit in lieu o
f

daily maximum, weekly average, o
rmonthlyaverage

effluent limitations, for the protection o
f

Chesapeake Bay and

it
s tidaltributariesfromexcess nutrient loading. Based on the information provided byyour staff andforthereasons and under the circumstances outlined herein, I concur that permitlimitsexpressed

a
s an annual limit are appropriate and that it is reasonable in this casetoconclude

that it is " impracticable" to express permit effluent limitations a
sdailymaximum,

weekly average, o
r montWy average effluent limitations. Thismemodescribesthe scientific and policy rationales that support this approach.

EPA Region 3 has developed recommended water quality criteria forcertainparametersdesigned to protect water quality in Chesapeake Bay and

it
s tidal tributaries.1The

main cause o
f

water quality impairment for these parameters in the main stem o
ftheBay

is loading o
f

nutrients, specifically nitrogen and phosphorus, from pointandnonpointsources throughout the entire Chesapeake Bay watershed. The States are inthe1
SeeEPA's Ambient Water Quality Criteriafor Dissolved Oxygen. Water ClarityandChlorophyllfor

the ChesapeakeBav andIts Tidal Tributaries. April 2003. "ChesapeakeBay and

it
s tidal tributaries"isthe

portion o
f

the ChesapeakeBaywatershed subject to the ebband flow o
f

ocean tides. Thisareaencompasses

a
ll

o
f

the mainstemBay andthe area north and east to the fall line. The fall line is aphysicalbarrier

o
n the Bay's largertributaries marked b
y

waterfalls andrapids.
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SUBJECT:



2process
o
f

adopting revised water quality standards based o
n EPA Region 3
'srecommended

water quality criteria and developing wasteload allocations forpointsourcesdischarging to the Chesapeake Bay watershed that are designed to protectwaterquality
in Chesapeake Bay and

it
s tidal tributaries from excess nutrient loading.

Establishing appropriate permit limits that implement nitrogen andphosphoruswasteload
allocations for discharges that cause, have the reasonable potential to cause,orcontribute

to excursions o
f

water quality criteria

f
o

r

Chesapeake Bay and

it
stidaltributaries

is different from setting limits for other parameters such as toxicpollutantsbecause:the exposure period o
f

concern for nutrients loadings to Chesapeake Bay anditstidal
tributaries is very long; the area o

f

concern is far- field ( a
s opposed to theimmediatevicinity

o
f

the discharge); and the average pollutant load rather than themaximumpollutantload is o
f

concern. Thus, developing appropriate effluent limitationsrequiresinnovative
implementation procedures.

ApplicablilityYour

proposaladdressesimplementation o
f

wasteloadallocations

f
o
rnitrogenandphosphorusdesigned to achieve compliancewith waterquality standardsofChesapeakeBay. Your proposalandthe rationale discussed in thismemorandumarenotintended

to addresswasteloadallocations to meetotherwater quality standards inareasoutside

o
f ChesapeakeBay and

it
s tidal tributaries. Smallerscalessuch a
sembaymentsandsmallertributaries than the majorEasternand Westernshoreriverswerenotexaminedandthereforethe rationale in this memorandumdoesnot addressand maynotapply

to the protection o
f thesesmallerscalesituations.

This rationalealso doesnot apply to parametersotherthan nitrogenandphosphorusthat mayexhibit a
n oxygendemand to waters o
f

the Bay. Suchparametersincludedissolved oxygen,biochemical oxygendemand,andammonia.

O
f

course,

a
ll local water quality standardsapplyand must b
e metwhenevaluatingappropriatepoint sourcepermiteffluent limits. Statesaredevelopingwaterqualitystandardsfor nutrients to b

e applied to local waters a
s stand-alonecriteria. Inanycasewherethe nutrientwasteloadallocations for protection o

f

water quality in a river,

tributary, o
r

otherpart o
f ChesapeakeBay areexpressed o
n a shortertermbasis, i. e
.
,

seasonal,monthly, weekly o
r

dailyvalues,the permit limits that derive fromandcomplywiththe wasteloadallocation expressed o
n such shortertermbasismust b
e used.Shorteraveragingperiods might b

e appropriateand necessary to protect againstlocalnutrientimpacts

in rivers o
r

streams in the basin.

Additionally, it is important to note that the nutrient dynamics o
f

the Bay maynotbeunique. The establishment o
f

a
n annual limit with a similar findingof"

impracticability" pursuant to 40 CFR 122.45( d
)

maybe appropriate fortheimplementation

o
f

nutrient criteria in other watersheds when: attainment o
f

the criteriaisdependent

o
n long- term average loadings rather than short- term maximum loadings; the



3circumstances
match those outlined in this memo for Chesapeake Bay and

it
stidaltributaries;annua11imits are technically supportable with robust data and modelingastheyare in the Chesapeake Bay context; and appropriate safeguards to protect

a
llotherapplicable

water quality standards are employed.

Why are annual loadings appropriatefor wasteloadallocationsfor nutrientsforChesapeakeBay and

it
s tidal tributaries?

The nutrient dynamics o
f

Chesapeake Bay and

it
s tidal tributaries are complex.

Unlike toxics and many conventional pollutants that have a direct andsomewhatimmediate
effect o

n the aquatic system, nutrients have n
o direct effect, but insteadare"

processed" in several discreet steps in the Bay ecosystem before they have theirfulleffect.Each processing " step" further delays and buffers the time between the timeofnutrientdischarge in a
n effluent and the resultant nutrient effect o
n thereceivingwaterbody.2 Chesapeake Bay and

it
s tidal tributaries' biological and physicalprocessescanbe viewed a

s

" integrating" variations o
f

nutrient load magnitude over time.Theintegration

o
f

nutrient loads from

a
ll sources over time amelioratesintraannualloadfluctuationsfrom individual sources, with the Bay responding to overall loads o

nanannual
scale, while showing little response to monthly variations within an annual load.3EP

A has conducted complex modeling o
f

the effect o
f

nutrient loading to theBayspecifically
from individual point source discharges. 4Based o

n the results o
f

the model,

EP A concluded that Chesapeake Bay and

it
s tidal tributaries in effect integratevariablepointsource monthly loads over time, so that as long asa particular annual total loadofnitrogenand phosphorus is met, constant o

r

variable intraannualload variationfromindividualpoint sources has n
o

effect o
n water quality o
f

the main bay.s2
More specifically, nutrients are taken up byalgae throughout the year, and once taken up, settletothe

bottom to decay in the warmer summer waters, contributing to summeranoxia/ hypoxia. Thus,summeranoxia

is the result o
f

organics, primarily fromalgal deposition, which accumulates throughout the year,

with peak algal biomass generated in the bloom o
f

early spring, and that these organics are storedinChesapeakeBayand tidal tributary sediments throughout the yearand between years.
3 The seasonal build- u

p

o
f

the volume o
f

hypoxic water in the deep channel results fromtheintegration

o
f

effects o
f

microbial metabolism acting over long timescales. With respect to theChesepeakeBay,
Boynton e

t
a
l. stated "..: the coupling between nutrient loading, water column production o
forganicmatter,and recycling o

f

nutrient from sediments occurs over time scales o
f

about several years o
r

less."

4 The complex movement o
f

water within Chesapeake Bay and

it
s tidal tributaries, particularly thedensity-

driven vertical estuarine stratification, is simulated with a Chesapeake Bay hydrodynamic modelofmore
than 13,000 cells. The Water Quality Model is linked to the hydrodynamic model and usescomplexnonlinear

equations describing 26 variables o
f

relevance to the simulation o
f

dissolved oxygen,waterclarityand chlorophyll a
.

Coupled with the Water Quality Model are simulations o
f

settlingorganicmaterial
into and upon the sediments and

it
s subsequent decay and flux o
f

inorganic nutrients fromthesediment,

a
s

well a
s a coupled simulation o
f

underwater Bay grasses in the shallows.

5 The Water Quality Model was used to examine the differences between a constant monthlyloadand
a variable monthly load, but each a

t

the same annual load levels. For nitrogen, the constantmonthlydischargeestimate is based o
n a scenario that assumes the level o
f

point source loads based o
n a constant5mgi1

discharge applied against point source flow. The variable load scenario is based o
n the records o
f54sewage
treatment plants (STPs) that discharge to Chesapeake Baythat have complete monthly records.TheTotalNitrogen average concentration for each month was calculated and then converted to a concentration



4Based

o
n the model, EPA andthe affectedStatesare developing "tributarystrategies"thatwill assignwasteloadallocationsexpressed a

s annualloads for thepointsourcedischargers to the Bayand it tributaries thatachieve the waterquality standardsofChesapeakeBayand

it
s tidal tributaries.6Why

is it impracticable to expresslimits

f
o

r

nutrients on a daily, weekly o
rmonthlybasis?

The NPDES regulations a
t

4
0 CFR122.45( d
)

requirethat

a
ll permit limitsbeexpressed,unlessimpracticable, a

s both averagemonthly limits and maximumdailylimits
for

a
ll dischargersotherthan publicly owned treatmentworks (POTW

s
)
,

andasaverageweekly limits and averagemonthly limits for POTW s
.

The Office o
f

Wastewater Mangement cautions that the steady- statestatisticalprocedures
described in EPA's Technical Support Documentfor Water Quality-basedToxics

Control7 (TSD) are not applicable o
r

appropriate for developing nutrient limitsforthemain stem o
f

Chesapeake Bay and

it
s tribal tributaries. Developing permit limitsfornutrients

affecting Chesapeake Bay and

it
s tidal tributaries is different from settinglimitsfor

toxic pollutants because the exposure period o
f

concern

f
o
r

nutrients is longerthanone
month, and can b

e

u
p

to a few years, and the average exposure rather thanthemaximumexposure is o
f

concern. The statistical derivation procedure described intheTSD
for acute and chronic aquatic life protection is not applicable to exposureperiodsmore
than 3

0 days (see TSD page 105). If the procedures described in the TSDforaquatic
life protection ( i. e

., criteria with I- day and 4
-

day averaging periods) wereusedfordeveloping permit limits for nutrients ( with much longer averaging periods), boththemaximum
daily limit o

r

the average weekly limit (asappropriate) and averagemonthlylimitwould b
e less stringent than the wasteload allocation necessary to protectthecriteria.Thus, even if a facility was discharging in compliance with permitlimitscalculatedusing these procedures, it would b

e possible to constantly exceedthewaste
load allocation. Such a

n approach clearly is unacceptable.

The TSD in Section5.4.4providesguidance

f
o
r

establishingdailyandmonthlyeffluent
limits for humanhealthprotectionbased o

n long termexposureperiods.

However, this approach is also not appropriate for deriving permit limits for nutrients.

This is becausethis TSD procedure is a steady- stateapproachthat assumesthatthethat
would b

e
a
t

the sameannualloads a
s

the constant5 mgilcase,but still preservethe observedmonthlyvariations.Monthly changes in flow were alsotakeninto account. The variation in monthlyconcentrationsvariedfroma low o
f

3.76 mg/ l in August to a high o
f

8.46 mgil in January. The derived monthly variation,

equivalent o
n

a
n annualbasis to the constant5 mgil monthlyloads wasapplied to a
ll pointsourcedischargers

in the ChesapeakeBaywatershed. Water quality results o
f

the two scenarioswereindistinguishable,

n
o difference was seen in the achievement o
f

ChesapeakeBay water quality criteria.Asimilar
analysiswas performed forphosphorusandthe sameconclusion wasreached.

6 The " tributary strategies"determineappropriate loadand wasteload allocationdesigned toachievewater
quality standards

fo
r

the ChesapeakeBay and

it
s tidal tributaries. The analysis is similar in scopetowhatEPA would expect in a TMDL.

7 Documentreference EPA/ 505/ 2
-

90-001,March 1991.



5distribution

o
f

effluent load is constant. However, the efficiency o
f

treatment o
fnutrientsby

biological nutrient removal is highly sensitive to ambient temperature and isnoteffective
a
t

lower temperatures. Thus, the effluent loading o
f

nutrients is notconstantdue
to seasonal temperature fluctuations in northern climates. Even a simple steady-statemodel

for permit development such a
s dividing the annual limit b
y 12 andestablishingthat

value a
s the monthly limit is therefore, not appropriate. Such a limit doesnotaccount

for seasonal fluctuations in effluent loading. To establish appropriate weeklyormonthly
limitations, due to the effect o

f

temperature on treatment efficiency for nutrients,

the permitting authority would need to be able to predict with some accuracytheexpected
annual temperature over that time frame, which is virtually impossible todogiventhe normal temperature variability in any given week o

r month. 8 Because o
ftheeffect

o
f

temperature o
n the treatment efficiency and the normal variation inambienttemperature

over shorter time periods, it is impracticable to develop appropriate daily,

weekly o
r

monthly limits for nutrients that are protective o
f

the wasteloadallocationexpressed

a
s

a
n annual load.

\ Thus, we conclude that due to the characteristics o
f

nutrient loading anditseffects

o
n the water quality in Chesapeake Bay and

it
s tidal tributaries and becausethederivation

o
f

appropriate daily, weekly o
r

monthly limits is not possible for thereasonsdescribedabove, that it is therefore "impracticable" to express permit effluentlimitationsasdaily maximum, weekly average, o
r

monthly average effluent limitations.

Recommendationsfor implementing a
n annuallimitThe

permit should statethe method for determining compliancewith theannuallimit.Whenexpressingan effluent limit asanannualvalue, it is recommendedthatthepermitprovide the ability to assesscompliance a
t

interimdates.9The
frequency o

f

compliance monitoring should also be specified in the pennit.

The Office o
f

Wastewater Management recommends that the effluent dischargevolumeshould

b
e monitored continuously. Nutrient monitoring should b
e specified o
n

a
t

leastaweeklybasis, and the monthly mass load should b
e summarized based o
n the totalflowduringthe month and reported a

s a monthly load.

cc: Water Management Division Directors, Regions 1
-10NPDESBranch[ hierS, Regions 1

-10Mark
PollinsSusanLepow "

8 For example, the National WeatherServicereported that

fo
r

Baltimore, MD the monthofNovember
2003 wasone o

f

the warmestonrecord, the fIrst three weeks o
f December 2003 were "decidedlycold,"

followed b
y a last 1
0

d
.

y
s

o
f

the month thatwere "unseasonablywarm," however,theannualaveragetemperature for 2003 a
t

the sameweatherstationwas within 1
° C o
f

the annualnorm.
9 Permitcompliance is regularly determined o

n a monthly basis,andDischarge MonitoringReportsare
preparedandsubmitted ona monthly basis.


